Indole-3-acetyl-myo-inositol occurs in both the kernel and vegetative shoot of germinating Zea mays seedlings. The effect of a gravitational stimulus on the transport of 13H1-5-indole-3-acetyl-myo-inositol and IU-'C1-D-glucose from the kernel to the seedling shoot was studied. Both labeled glucose and labeled indole-3-acetyl-myo-inositol become asymmetrically distributed in the mesocotyl cortex of the shoot with more radioactivity occurring in the bottom half of a horizontally placed seedling. Asymmetric distribution of VH]indole-3-acetic acid, derived from the applied V3Hjindole-3-acetyl-myo-inositol, occurred more rapidly than distribution of total 3H-radioactivity. These findings demonstrate that the gravitational stimulus can induce an asymmetric distribution of substances being transported from kernel to shoot. They also indicate that, in addition to the transport asymmetry, gravity affects the steady state amount of indole-3-acetic acid derived from indole-3-acetyl-myo- (17, 20) . Endogenous IAA, as measured by GC/mass spectrometry, also is present in greatest amount in the lower half of a stimulated shoot (2, 3). More recently, it has been shown that endogenous free IAA is asymmetrically distributed in the cortex (cortex plus epidermis) tissue of the mesocotyl of geostimulated seedlings of Zea mays (4). Hormone asymmetry is often though not always observed (21). in moving compounds from the upper to the lower portion of the shoot is not clear. The objective of this and prior studies from this laboratory (2, 3) has been to obtain a fuller understanding of where and how this asymmetry arises so that we may better understand how plants control their endogenous concentration of IAA.
That gravistimulation can induce an asymmetric distribution of IAA is known for several kinds of plants and from several kinds ofexperiments. Endogenous growth hormone, as measured by exodiffusion and bioassay, shows hormone asymmetry in Lupinus, Avena, Zea, and Helianthus (1 1, 12, 21, 26) with more hormone diffusing from the lower side of a horizontally placed shoot. Exogenously applied ['4C ]IAA also becomes asymmetrically distributed following application to the tip of a geostimulated shoot (15, 18) or root (17, 20) . Endogenous IAA, as measured by GC/mass spectrometry, also is present in greatest amount in the lower half of a stimulated shoot (2, 3) . More recently, it has been shown that endogenous free IAA is asymmetrically distributed in the cortex (cortex plus epidermis) tissue of the mesocotyl of geostimulated seedlings of Zea mays (4) . Hormone asymmetry is often though not always observed (21) .
The asymmetry is explained by a tropic induction of movement of the hormone from the upper to the lower side of the stimulated plant. How the lateral transport occurs, in what tissue, what is being transported, and what controls might be operative ' Supported by grants to Professor Robert S. Bandurski from the Life Science Section of the Space Biology program (NASA-NAGW-97, ORD 25796) and the Metabolic Biology Section of the National Science Foundation, PCM 82-04017.
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in moving compounds from the upper to the lower portion of the shoot is not clear. The objective of this and prior studies from this laboratory (2, 3) has been to obtain a fuller understanding of where and how this asymmetry arises so that we may better understand how plants control their endogenous concentration of IAA.
Gravistimulation also induces other asymmetries. Reducing sugars have been found to be distributed asymmetrically in geostimulated sunflower stems (14) , internodes of Dahlia (28) , and wheat internodes (1, 5) with more sugar found in the lower half of the horizontally placed stem.
In this work, we have studied the effect of horizontal positioning of Zea If + dpm in lower half 1 ml scintillation vial to which 15 ml of scintillation cocktail was added. Application of NPA, TIBA, and Ethanol. Twelve nmol of NPA (United States Rubber Co., Naugatuck, CT), 20 nmol of 2,3,5-TIBA (City Chemical Co., Okemos, MI) in 0.2% (v/v) ethanol, or 0.2% ethanol alone was applied to a cut endosperm surface [cm2' ] . sec-') was used for all manipulations. As controls, the cortex, stele, and coleoptilar node ofnongravistimulated plants were used. [5- 3HJIAInos. The tissues, frozen on dry ice, were ground in a mortar and pestle in ethanol 1:4 (w/v). The resultant homogenate was filtered with vacuum through Whatman No. 2 filter paper. The filtrate was transferred to a 20 ml scintillation vial and scintillation cocktail was added. The filter, with the residual ethanol-insoluble materials, was dried and weighed. The radioactivity was calculated on a per gram ethanol-insoluble dry weight.
Determination of Radioactivity of [U-'4C-D-Glucose and
Determination of Free I3HIIAA Derived from The tissues, frozen with dry ice, were ground in a mortar and pestle with acetone 3:7 (w/v). The homogenate was allowed to stand for 3 h and filtered. To the filtrate was added a known amount of unlabeled IAA (0.5 ,umol) as carrier. The residual acetone-insoluble material was dried, weighed, and used to estimate tissue acetone-insoluble dry weight. The filtrate was acidified with H3PO4, and IAA was extracted with CHCl3 (7). The chloroform fractions were dried and dissolved in 50% ethanol and loaded onto a Partisil 10 ODS C18 reverse phase HPLC column (0.46 x 25 cm, Whatman). The elution volume where IAA eluted was located with a Gilford-240 Spectrophotometer at 280 nm, and the fractions were pooled and dried in vacuo. The dried sample was dissolved in methanol and methylated with diazomethane as previously described (27) . The methylated sample was dried in a stream ofN2, and the sample was dissolved in 50% (v/v) aqueous ethanol and loaded on a reverse phase HPLC as previously described. The IAA was eluted with 30% (v/v) aqueous ethanol. The IAA-containing fractions were located by their absorbance at 280 nm, and the radiopurity and identity were checked by TLC on Silica Gel-60 using , and 546 ± 33 dpm * mesocotyl-' at 1, 2, and 3 h of incubation, respectively. A 2 h preincubation for purposes of loading the tissue was chosen for subsequent experiments. Table I shows the distribution of the [U-'4C]-D-glucose in the mesocotyl cortex after the tissues is loaded for 2 h and then gravistimulated for the indicated time.
As can be seen, more radioactivity was found in the mesocotyl cortex (upper plus lower) of gravistimulated seedlings than in the (right plus left) controls. The proportion of radioactivity present in the lower half of the mesocotyl cortex increased to about 55% after 1 h and did not change by 90 min. However, asymmetry required more than 30 min to develop. This gravity-induced asymmetric distribution of glucose is in accord with the findings of earlier workers (1, 5, 14, 28) . There were no differences in the amount of radiolabel in the right and left halves of control cortices.
Distribution of Radioactivity of 15- Table II . An appreciable asymmetry requires more than 0.5 h to develop after gravistimulation. An asymmetric distribution of 3H-radioactivity in the mesocotyl stele appeared after 30 min of gravistimulation when 57% of the label was found in the lower half. This value increased to 69% by 60 min and declined to 58% by 90 min of gravistimulation (Table  III) . The distribution of 3H-radioactivity in the coleoptilar node was 50, 52, 52, 51, 53% in the lower half after 0, 15, 30, 60, and 90 min of gravistimulation (Table IV) . There were no differences in the amount of radiolabel in the right and left halves of control cortices (Table II) , vascular steles (Table III) , or coleoptilar nodes (Table IV) .
Distribution of 3H-Free IAA Derived from 15- Figure 1 and Table X The slowly developing distribution of asymmetries for glucose and IAInos observed in this work correspond well with the period of maximum inequality ofgrowth as described (4) . Friedrich (14) has suggested that the asymmetry he observed for reducing sugars was not a direct effect of gravistimulation but was owing to IAAinduced growth. In the present case, however, we are observing an asymmetry of transport and so it would seem that we are seeing either selective leakage from stele to cortex or uniform leakage from stele to cortex followed by lateral migration of radioactivity from the upper to the lower cortical cells. If such is the case, then the lateral transport system can transport glucose just as it is presumed to move IAA.
The asymmetric distribution of [3H]IAA derived from [5-3H] IAlnos occurs within 15 min, or less, and thus is faster than the above-described transport asymmetries. This suggests that the [3H]IAA is either being produced more quickly by hydrolysis of [5-3H] IAInos (16) or is being catabolized more slowly (24, 25) . We cannot distinguish between these possibilities, but the data do indicate the operation of two mechanisms for attaining unequal distribution ofcompounds in the mesocotyl: (a) a transport asymmetry and (b) an asymmetry developed by the metabolism of IAA and/or its conjugates.
Last, there is the rapid and large asymmetry shown by the tissues ofthe node between the coleoptile and mesocotyl. Upward bending in geostimulated dark-grown maize seedlings is initiated in the coleoptile within 1 to 3 min and progresses basipetally to the mesocotyl within 5 min after geostimulation (4). Dayanandan et al. (8, 9) found that the leaf-sheath and internodal pulvini are
